This paper attempts a fundamental analysis of the nature of research into e-learning and the role that theory plays in this. We examine 'research' in broad terms, and the nature of phenomena in general. We identify that e-learning is an artificial phenomenon, and that research approaches need to be cognisant of the design elements in e-learning, and the cyclical nature of e-learning development. We identify various desired research outcomes which are appropriate at each stage of the elearning lifecycle, and argue that studies of e-learning involve a mixture of evaluation and research.
Introduction
The application of theory in learning technology research has had a troubled history. We contend that strong, theory-based research in learning technology has been difficult for three reasons. First, as an emerging field, e-learning or learning technology has attracted a diverse set of individual scholars who seek to apply research approaches from their own 'discipline-of-origin' to the field of learning technology. Second, learning technology is a multifaceted phenomenon involving design, development, practice and research; and academics and scholars have often focused on developing and implementing technologies for their teaching practice rather than conducting theory-based research. Third, scholarly inquiry in learning technology has often concerned itself with atheoretical evaluations in local learning and teaching contexts -did it work? -at the expense of theory-based research. In this paper we contend that these form barriers to robust, theory-based learning technology research We address these issues in subsequent sections, before presenting an approach to research in learning technology that we feel is both scholarly and pragmatic.
However, first we need to clarify our terminology. Over the last decades, terms to describe the use of computers to assist people to learn have ebbed and flowed in terms of popularity. Terms such as educational technology, learning technology, technologyenhanced learning, computer-facilitated learning, and e-learning have been in use in the last decade, without clear definitions of their scope and meaning. All of these terms are problematic, because they valorise technology over learning and infer that learning can be delivered through technology, discounting the personal, cognitive aspects of learning.
Given this, we agree with Friesen that e-learning has "come to represent a useful shorthand for a range of different orientations to … the use of technologies in education and learning." (2009, p.4) . We choose to use, as one among many, the definition of Littlejohn and Pegler: "the process of learning and teaching with computers and other associated technologies, particularly through use of the Internet" (2007, p.15) . In this definition, the focus, as it should be, is on learning -learning facilitated through technological tools, and using technology to address an educational need. In this paper, we will mix the use of the terms learning technology and elearning, using e-learning typically as an adjective to describe aspects of the learning environment, including its research.
The 'thesis' of this article is derived from our recent book, Evaluating e-learning: Guiding research and practice (Phillips, McNaught & Kennedy, 2011) . This article seeks to complement the book's orientation towards new practitioners and more practical matters, by advancing a strong emphasis on theoretical issues to influence the perspectives of experienced researchers.
Diverse approaches to learning technology research
Learning technology is primarily a branch of the field of education, but it also brings in influences from other fields, including computer engineering, information technology, design and media studies.
It is interdisciplinary in that it seeks to combine and explore the interconnections between new and different approaches from different fields and specialisations; it is multidisciplinary in that it simultaneously tries to respect the multiplicity of differences that can separate one research approach from another. (Friesen, 2009, p. 12) .
While learning technology is developing as a field, often individual academics have come to e-learning from established disciplines, and have tended to bring with them their particular, discipline-specific research traditions. Shulman (1988) contended that What distinguishes disciplines from one another is the manner in which they formulate their questions, how they define the content of their domain and organize that content conceptually, and the principles of discovery and verification that constitute the ground rules for creating and testing knowledge in their fields. (Shulman, 1988, p. 5). Given that the emerging field of learning technology draws on numbers of disciplines and attracts multidisciplinary researchers, it is worth considering the characteristics of various disciplinary research approaches, to see which can be appropriately applied to learning technology research.
Disciplinary differences between types of academic work can be distinguished across two dimensions: pure versus applied, and hard versus soft (Becher, 1989; Biglan, 1973; Jones, Zenios & Griffiths, 2004) . The distinction between pure (or basic) research and applied research became the accepted way of classifying research in the second half of the 20th century. The primary aim of pure research was conceived as seeking fundamental understandings of a natural phenomenon, while applied research was more focused on solving practical problems. The inter-and multidisciplinary nature of e-learning research indicates that many research approaches may be appropriate, but that some elements may be inappropriate. Stokes (1997) has argued that the pure-applied distinction is too narrow and does not consider how different types of research might be used. He proposed a twodimensional model for classifying research that he called Pasteur's quadrant (Table 1) . One dimension of Pasteur's quadrant classified research in terms of the degree to which it reflected a quest for fundamental understanding, while the second dimension to the research classification classified research by its 'consideration of use'.
Stokes argued that Neils Bohr's work on atomic structure had no consideration of use, but sought fundamental understanding (Quadrant 1 in Table 1 ). However, he argued that microbiologist Louis Pasteur's work was inspired by both consideration of use and a quest for fundamental understanding (Quadrant 2 in Table 1 ). On the other hand, Thomas Edison's inventions applied existing understanding to develop new tools and techniques to solve real-world problems, without any intention of extending that understanding (Quadrant 4). One might question whether research in the third quadrant, which has no consideration for use and no quest for fundamental understanding, has any value, or, indeed, is academic research at all. Stokes (1997) characterised this quadrant as "research that systematically explores particular phenomena without having in view either general explanatory objectives or any applied use to which the results will be put" (italics in original; p. 74). The dedicated activities of amateur astronomers and birdwatchers fit into this category, and this type of 'research' may ultimately prove to be of considerable value to other researchers, in other quadrants, at a later stage. Stokes' (1997) work challenged two assumptions of the traditional pure-applied dichotomy: (i) that pure research sought fundamental understanding while applied research did not; and (ii) that basic research always preceded applied research.
Another lens through which to look at academic research is Boyer's (1990) four different types of scholarship. This analysis is also based on a critique of the post-war emphasis on pure research, which Boyer (1990) called the scholarship of discovery, that is, research that pursues new knowledge and fundamental understanding. In addition to the scholarship of discovery, Boyer (1990) proposed three other types of scholarship:
the scholarship of integration, the scholarship of application and the scholarship of teaching. The scholarship of integration involves connecting knowledge and discovery into larger patterns and contexts. This includes interdisciplinary and multidisciplinary research, at the "boundaries where fields converge" (p. 19). This paper represents an example of the scholarship of integration. The scholarship of application involves engagement in problems that affect individuals, institutions, and society, and asks questions such as: "How can knowledge be responsibly applied to consequential problems? How can it be relevant to society?".
The scholarship of teaching is perhaps the hardest to conceptualise. It is not scholarship about teaching, but the scholarship of teaching. Hutchings and Shulman (1999) distinguished between good teaching and the scholarship of teaching in that the latter gathers evidence; is informed by current ideas about the field, and teaching in that field; and invites "peer collaboration and review" (p. 13). Further, the scholarship of teaching is public, "open to critique and evaluation and in a form that others can build on" (p. 13); and it involves inquiry into "issues of student learning" (p. 13).
Boyer's four scholarships have some overlaps with Stokes' schema. The scholarship of discovery and the scholarship of application are directly analogous to Stokes' 'fundamental understanding' and 'consideration of use' components, respectively, which are conceived of as separate dimensions by Stokes (1997) . The scholarship of integration cuts across Stokes' boundaries, and the scholarship of teaching builds on the other scholarships. As Hutchings and Shulman (1999) 
Learning technology as a multifaceted phenomenon
When thinking about scientific or systematic research Simon (1969) distinguished between the natural sciences, which are concerned with discovering how natural phenomena work -in fields such as physics, biology, and anthropology -and artificial sciences. Artificial sciences seek to design artefacts, understand and reflect on them, and ultimately improve their design and use, for example in the fields of engineering and architecture, designing aeroplanes, bridges or buildings. However, designed artefacts do not have to be physical 'things' -they may also be less tangible, such as a computer program or an e-learning environment.
Events, such as interactions between people, are also artificial phenomena. In an educational context, a school or university class is an event phenomenon: a comingtogether of teacher, learners and various resources in a particular setting, usually following some design activity. Each class is potentially different, and any understanding derived from a given class may be different from an understanding derived from a different class. This highlights an important distinction. With natural phenomena, there are many instances of the same phenomenon, and this can be generalised through observation and measurement. With event phenomena, the combination of time, place and actors implies that there are single instances of multiple phenomena, making generalisation difficult.
Finally, research into designed phenomena has an extra element not present when researching natural phenomena. Research in the artificial sciences needs to consider the way in which a 'manufactured' artefact functions, and whether it functions as designed. With natural phenomena, researchers have to take them as they are; but with designed phenomena, there is potential to improve the phenomenon through its design. Thus, research into designed phenomena is not only concerned with the behaviour of that phenomenon, but also with the design and functionality of the artefact which represents the phenomenon. In Stokes' terms, 'consideration of use' is of comparable importance to 'quest for understanding'.
An implication of this discussion is that we need to think carefully about the phenomenon of e-learning before we start to study that phenomenon. As an artificial phenomenon, learning technology results from a design activity, where the outcome of the design activity is an e-learning artefact. We take a broad view of the interpretation of artefact to mean both tools developed using information and communication technologies (ICTs) and learning tasks designed through these tools. Once an elearning artefact has been developed, it needs to be embedded into a designed learning environment (an event phenomenon) which specifies the interactions between learners, teachers and resources to meet a defined educational need.
A consequence of this description is to consider the creation of e-learning artefacts and e-learning environments as proceeding according to a lifecycle, arising from a complex, multidisciplinary process, with multiple design, develop, implement and evaluate cycles (Duncan, 1996; England & Finney, 1999; Howell, 1992; Thornton & Phillips, 1997) .
One characterisation of the process is shown in Table 2 , which draws from the work of Richey, Klein and Nelson (2004) , and Reeves and Hedberg (2003) . Table 2 defines seven stages in an idealised e-learning lifecycle, together with the typical activities and outcomes sought at each stage. The process starts with an analysis of the problem, identifying needs and defining the requirements of the solution. After analysis of the problem, the first cycle starts with the design of the e-learning artefact and associated documentation. That design should be evaluated to see if it is fit for purpose and how it could be improved. The second cycle begins with a refinement of the design and then the development of the e-learning artefact to a stage where it can be trialled. This initial trial may lead to a revision of the problem analysis -the proposed solution might not work well. Alternatively, if the design was well-grounded, it may lead to a process of designing an e-learning environment by embedding the e-learning artefact into a context defined by the designed learning outcomes and designed learning tasks.
This e-learning environment is then developed as a pilot (cycle 3) and formatively evaluated. A subsequent cycle of revision and formative evaluation will lead into a full trial, with learners using the e-learning environment on a live system. Successful completion of cycle 4 indicates that the e-learning environment is ready to be used in a standard teaching situation. Refinement and revision is expected to be minimal at this stage. Cycles 5 and 6 correspond to the live use of a mature e-learning environment.
While there is still a formative, continual-improvement component, the focus turns to the effectiveness of the e-learning environment, investigating learning processes and outcomes. Revise the e-learning environment, deploy it to learners and start to understand how it works (learning processes)
Initial understanding of how learners interact with the learning environment 6 Evaluation research on mature system
Revise the e-learning environment, deploy it to learners and refine understanding about how it works (learning outcomes)
Refined understanding of how learners interact with the learning environment
It should be clear from this characterisation that the phenomenon of e-learning continually evolves and different outcomes are appropriate throughout this evolution. Any research activity associated with e-learning needs to be cognisant of, and appropriate to, the state of the phenomenon in the e-learning lifecycle.
Evaluation and research in learning technology
The e-learning lifecycle, as we have portrayed it, has a strong evaluative aspect but it also has a focus on research, particularly as a learning environment matures. This section explores the distinction between these activities, evaluation and research, in the context of a learning technology inquiry.
The term 'research' is used in a variety of ways in academic discourse but, despite this, its meaning is rarely questioned and often it is regarded as universally or even implicitly understood. In most universities an institutional bureaucracy supports research, and academic staff are rewarded for their 'strength' in research. However, there are many contexts in which research takes place and many different ways in which research is conducted. Unless this diversity of understanding is recognised, it is difficult to have a meaningful dialogue about it. This is particularly true in an emerging field such as e-learning. Research is primarily involved with increasing our understanding of a phenomenon. This can be distinguished from evaluation, which has an explicit focus on gathering information to help make judgments about the value and worth of an object in order to inform decision-making. This is a somewhat vexed issue as some authors have argued that providing an explanation of outcomes is not within the remit of evaluation (e.g. Glass & Worthen, 1971) . However, others, such as Oliver, Harvey, Conole and Jones (2007) , have argued that evaluation and research studies can use similar methods to arrive at similar outcomes, but they can be distinguished by the role of theory in interpreting results, and in the way those outcomes are used.
We argue that investigations in learning technology can have, and should have, both an evaluative and a research focus. Some inquiries in e-learning can be seen as research -gathering information to inform our understanding of how people learn using an e-learning artefact or environment -while others are more related to evaluation -gathering information to help make judgments about the value and worth of an e-learning artefact or environment. A study of the effectiveness of an e-learning environment may quite easily shed light on how learners engaged with the designed learning processes to achieve their results, or why some learners achieved at different levels, or how some learners used the learning environment to achieve a deeper understanding. While any of these findings could be seen as the outcomes of an evaluation study, they could equally be seen as legitimate outcomes of an educational research investigation. We use the term 'evaluation research' to simply capture the idea that investigations of e-learning will often involve a mix of evaluation and research activities that can be applied throughout the e-learning lifecycle. When it comes to learning technology investigations, there is typically an ebb and flow between making judgments about the e-learning environment and developing a greater understanding of learning in that environment.
The role of theory in educational research
Unfortunately, one of the consistent criticisms of educational research generally, and elearning in particular, has been that it is often conducted without a strong theoretical basis (Reeves, 1993) . What then is the role of theory in our characterisation of learning technology evaluation research?
The characteristics of a theory are that it is derived from empirical evidence or from other theories; that it can provide a generalised explanation of a phenomenon to the accuracy of the evidence, sometimes based on a model, framework or analogy, and it can predict the behaviour of another instance of the phenomenon. Further, "it is necessary to have a clear view of the reliable range of each aspect of the theory" (Burkhardt, 2006, p. 124) , and the assumptions which underpin it. "A strong theory provides an explanation of what is behind an array of observations" (Burkhardt, 2006, p. 130) . In the pure sciences, theories are usually strong and generalisable, like the theory of gravity proposed by Newton. In other disciplines, theory is less strong.
We alluded earlier to a focus in the Western world since the 1940s on basic versus applied research. Much thinking about research has been about research and development, with the implication that basic research is more valuable than, and is a precursor to, the less valuable applied research which results in the development of technology. The research then development approach is appropriate in disciplines where there is a strong theory which predicts behaviour.
This notion that research precedes development was challenged by Stokes (1997) , who argued that useful research is often preceded by practical development, especially in emerging fields (cf. the earlier discussion about Newton). For example, Burkhardt claims that "in medicine, theory is moderately weak" (2006, p. 131). The development of new drugs, for example, often starts with exploratory studies of natural substances.
It is "only after exploratory clinical research … followed by dose-response and early safety trials" (Zaritsky, Kelly, Flowers, Rogers & O'Neill, 2003, p. 32 ) is successful that theory-based "large-scale comparative trials in medicine (often promoted as the 'gold standard' for research) occur" (Zaritsky, Kelly, Flowers, Rogers & O'Neill, 2003, p. 32 ).
Burkhardt (2006) goes on to claim that "education is a long way behind medicine, let alone engineering, in the range and reliability of its theories" (p. 131). This is because educational environments are complex systems (Salomon, 1991) , consisting of an array of interdependent individual and contextual variables, where one would typically observe 'differences in patterns', rather than 'patterns of differences', which are the goal of controlled experimental research (Rowe, 1996) .
Constructing broad, generalisable and predictive theories of these systems is difficult. However, while there may be fewer predictive and generalisable educational theories compared to some areas of the natural sciences (cf. Burkhardt, 2006; Flyvbjerg, 2004) , this does not reduce at all the importance of theory in educational research.
Because of this, in education theories need to be developed before they can be tested, and, "design plays a critical role in the development of theories" (Edelson, 2002, p. 106) . However, this does not reduce the importance of attempting to develop a theoretical description of the phenomenon being studied, which can predict what will happen in a given context. In education, theory tries to come up with (testable) explanations of some aspect of learning.
In addition to established theories of education and learning, there is a proliferation of models and conceptual frameworks in educational research. These are looser than theory, and are generally not encumbered by the need to offer predictability. Their central purpose is usually to expose, describe, categorise and make order of some phenomenon. Conceptual frameworks will often, by their very construction, highlight the important elements to take into account when considering some phenomenon. One such example is Herrington, Reeves and Oliver's (2010) (Phillips, McNaught & Kennedy, 2011 ) is a conceptual framework which we use later in this paper in unpacking the nature of e-learning evaluation research. This conceptual framework sees learners and teachers interacting through learning tasks which are enacted in a learning environment: students attain learning outcomes by going through learning processes embedded in a learning environment. The LEPO framework provides a useful way of viewing the complexity of learning, but it has no predictive capabilities, nor is it backed up by specific evidence, other than a critical synthesis of the literature.
The conclusion that we draw from this discussion is that discovery research, such as that used when investigating natural phenomena, is too narrow an approach to take when studying e-learning environments.
Evaluation research across the learning technology lifecycle
We have argued above that investigations of learning technology investigations can involve a variable mixture of evaluation and research. We have also argued that the desired outcomes of e-learning evaluation research vary according to the stage of the e-learning lifecycle being studied, as do the research activities undertaken, and we illustrate this in Table 3 , which expands on Table 2 . We suggest that evaluation research of e-learning is an ongoing cyclical process which is closely related to the cycle of development of an e-learning environment (Bannan-Ritland, 2003; Nieveen, McKenney & van den Akker, 2006; van den Akker, 1999; Wang & Hannafin, 2005) . Moreover, the characteristics of e-learning evaluation research are different at differing stages of the e-learning lifecycle. This notwithstanding, evaluation research at each stage should be based on a theoretical view of learning and/or contribute to the development of a theoretical view of learning.
The first two columns of Table 3 identify the cycle of the e-learning lifecycle. The third column repeats the development activity for each stage. In the remaining columns in Table 3 , the evaluation and research activities appropriate to each stage are considered. We need to caution against interpreting this table too literally. E-learning is complex, and investigations of e-learning can't be undertaken in a lock-step, formulaic way. Researchers may engage with the lifecycle at different stages, stages may bleed into one another, and approaches to evaluation research may be appropriate across stages. Table 3 explicitly places the learning environment, process and outcomes within the cyclical e-learning evaluation-research process. The role of the teacher is highlighted in early cycles in Table 3 , where the focus is on the design of the e-learning environment itself. We interpret 'teacher' broadly, to include the range of people who may contribute to the design of an e-learning environment -other teachers, educational designers, content experts, etc. Learners are drawn in through initial usability testing in cycle 3. In subsequent cycles, as the e-learning environment is shown to function as designed, the focus shifts from the environment to how learners engage with the environment -their learning processes and outcomes. Consideration of these different characteristics enables us to derive several distinct evaluation-research forms, which are discussed in detail in Phillips, McNaught and Kennedy (2011) .
Baseline analysis
A baseline analysis is analogous to the 'analysis of the problem' aspect in design-based research. It documents teaching and learning practice (Littlejohn & Pegler, 2007) . This includes the characteristics of the educational context, the nature of the institution and policy context, the structure of the degree program and any faculty-or departmentspecific information. It also describes the nature of the teaching and learning problem to be addressed. This includes a literature review and theoretical positioning of the research problem. The pedagogical and technological assumptions of the designers should also be clarified in the baseline analysis.
Design evaluation
The purpose of the design evaluation is to make judgments about the documented design of the learning environment. The design can be broken down into three distinct components: curriculum design (what students should learn), learning design (how students should learn), and the design of the e-learning artefact. In practice, this documentation may overlap with documentation produced as part of the baseline analysis, although there is a chronological distinction between the two. 
Project-management evaluation
Since most e-learning developments are projects with fixed budgets and timelines, it is appropriate to make judgments about, and suggest improvements to, the conduct of that project. Project-management evaluation is primarily interested in processes, rather than outcomes, and it is primarily concerned with formative evaluation, although there are summative elements.
Formative evaluation
Formative evaluation is an evaluation-research form which is appropriate at various stages of the e-learning lifecycle. The focus is on making judgments about, and suggesting improvements to, either an e-learning artefact or an e-learning environment and the learning tasks which are embedded in that environment. The primary interest of formative evaluation is to verify that the e-learning artefact, or elearning environment, works in the way it was designed, and to identify any areas of improvement.
Effectiveness research
Once an e-learning environment is functioning as it was designed, effectiveness research becomes appropriate. This has an element of summative evaluation, making judgments about whether the e-learning environment is actually effective. However, the focus can now turn to the research side of the evaluation-research continuum, seeking to understand the learning processes that learners experience and the learning outcomes they achieve.
Cyclical research approaches
In the previous discussion, we have presented learning technology evaluation research as fundamentally concerned with the design and use of artificial phenomena within a learning context, broadly captured by what we have termed the e-learning lifecycle. We have also argued that different evaluation-research approaches are appropriate at different stages of the lifecycle. Some of these may be more appropriate to the technology, while others will explicitly address learning processes and outcomes. Overall this approach can be seen to be conceptually aligned with systematic, designbased approaches to research, such as those used in engineering (Burkhardt, 2006; Cobb, Confrey, diSessa, Lehrer & Schauble, 2003; Ross & Morrison, 1989; Salomon, 1991) rather than more analytic, scientific approaches often applied in the natural sciences.
We have proposed a cyclical approach that explicitly maps evaluation-research activities to the design-and-development cycle of an e-learning artefact. This resonates with Bannan-Ritland's 'integrative learning design framework', derived from approaches that integrate "instructional design, product design, usage-centred design, diffusion of innovations and educational research" (2003, p. 21) . Bannan-Ritland's work was developed to support a research approach called design-based research, a cyclical approach that originated in engineering and other design fields. It has emerged in recent years as a suitable approach to educational research (van den Akker, Gravemeijer, McKenney & Nieveen, 2006) , in particular e-learning research (Herrington, Reeves & Oliver, 2010; Reeves, 2006) . We see design-based research as just one of several approaches that can be usefully applied in the investigation of learning technology, but it is consistent with the arguments we have presented earlier about studies of e-learning requiring a mixture of evaluation and research; and with Stokes' views on quest for understanding and consideration of use. "More than most other research approaches, [design-based] research aims at making both practical and scientific contributions" (van den Akker, 1999, p. 8) . In this way, design-based research attempts to develop theory from analysing practice, but then uses theory to improve practice. It resonates more with development then research than with the research then development approach discussed earlier.
Using and building theory in learning technology evaluation research
In previous sections, we have seen two roles for theory:
• Building theory as in a design-based approach.
• Drawing on theory to support evaluation-research goals and questions across the e-learning lifecycle.
As noted earlier, a criticism of e-learning developments has been the lack of theoretical frameworks to inform design. However, we also pointed out the difficulties in developing meaningful theories of human learning. Design-based research has a goal of adding to human knowledge, but addresses this issue by starting 'small', by attempting to develop relatively "humble" theories (Cobb, Confrey, diSessa, Lehrer & Schauble, 2003) , addressing domain-specific learning processes which are "accountable to the activity of design" (p. 10).
Theories in design-based research "are not 'grand' theories of learning ... Instead, they tend to emphasise an intermediate theoretical scope" (Cobb, Confrey, diSessa, Lehrer & Schauble, 2003, p. 11) . They are intimately entwined with the design of learning environments (The Design-Based Research Collective, 2003) , with the goal of providing a clear rationale about the suggestions and implications provided to practitioners. We will call these modest theories 'proto-theories'.
Design-based researchers tend to call their proto-theories design principles, with an emphasis on producing "heuristic guidelines to help others select and apply the most appropriate knowledge for a specific design task in another setting" (Nieveen, McKenney & van den Akker, 2006, p. 153) . With the passage of time, and increasing understanding, design principles can potentially be generalised into theories (Edelson, 2006) .
Because proto-theories in design-based research are context-specific, it is very important to clearly specify the context (i.e. a baseline analysis) so that the findings of the study can be used in other, similar contexts. Kelly (2006) If we now return to Table 3 , we see in the last column the role of theory and design principles at different stages. At early stages of the e-learning lifecycle (baseline analysis and design evaluation), theory and design principles should be drawn upon to ensure that the needs analysis and design draws on principles of e-learning best practice. During subsequent stages of the e-learning lifecycle, the focus turns to generating and refining design principles, from both an e-learning best practice and from a learning theory perspective.
Stand-alone studies
The preceding sections have made a strong case for iterative cycles of evaluation research that lead to robust findings to inform both practice and theory in e-learning. However, there are many cases where circumstance and/or the research goal dictate a stand-alone approach to evaluation research, which can start at any stage of the e-learning lifecycle. For example, there are many relatively mature learning environments that have been designed in the absence of any research activity. Also, we know that many e-learning projects have relatively short time-frames -either because of grant requirements or the need to have a finished product ready for the next term's teaching.
If an opportunity for useful research presents itself, then one should begin the process in the available context. This means adopting a pragmatic and strategic approach to elearning evaluation research. If the research is worth doing and opportunities for data collection are available, then stand-alone studies can be very worthwhile. However, it is advisable not to think of projects in one-off terms, but to plan for further cycles of evaluation research as part of a sustained agenda. E-learning evaluation research does not have to be cyclical, but it should be able to demonstrate other aspects of rigour described in this paper.
Conclusion
In this review, we have attempted to shine new light on the problem of researching elearning, and the role of theory in it. We have argued that systematic and structured inquiry in the area of learning technology is complex, but is essential for designing and developing optimal learning environments and building on the promise of learning technology.
We have established that e-learning is an artificial phenomenon and several types of research are appropriate at different stages of the e-learning lifecycle, including consideration of whether a 'manufactured' artefact functions as designed. We argued that discovery research, such as that used when investigating natural phenomena, is too narrow an approach to take when studying learning technology. With natural phenomena researchers have to take them as they are; but research into designed phenomena is concerned with the design and functionality of the artefact which represents the phenomenon, as well as the behaviour of that phenomenon. These considerations led us to the idea that e-learning investigations involve a mixture of evaluation and research, and they need to focus on 'use' as well as understanding. Any one investigation can be placed anywhere along the evaluation-research continuum, depending on its desired outcomes.
We mapped evaluation research against the e-learning lifecycle, and identified five evaluation-research forms that have different emphases when applied at different phases of the e-learning lifecycle. These are: baseline analysis, design evaluation, formative evaluation, effectiveness research, and project-management evaluation. We also argued that researchers should establish that the e-learning environment functions as designed before conducting summative, effectiveness research, and, while not the only approach, design-based research is a useful framework for guiding evaluationresearch studies.
While there is no general, unified educational theory, it is beneficial to be guided and build on previous research models, traditions and findings. However, since theory in learning technology is relatively weak, research efforts should go towards generating design principles and improved theoretical understanding in the field. Although it may not currently be possible, efforts should be made to generalise our theoretical understanding to a range of contexts.
